Antarctic icebergs


No areas of the world are more influenced by climate change than the polar regions. Especially in Antarctica, there have been substantial losses in ice mass over the past decade particularly around the Antarctic Peninsula which represents the most northward extension of the continent (Fig. 1). Regional warming around the Antarctic Peninsula has resulted in retreating glaciers and the breakup of large ice shelves generating increased numbers of icebergs. Over two decades ago there were an estimated 200,000 icebergs in the Southern Ocean. However, there are no recent estimates of abundance to include both large icebergs detectible by satellite imagery and smaller icebergs primarily recorded by visual or radar sightings from ships and aircraft.
Floating islands of ice range in size from growlers and bergy bits, < 15 m in largest dimension, up to very large tabular icebergs that can exceed 300 km in length.  The majority of icebergs have been estimated to range from 60 to 2200 m in length, with thicknesses that vary between 150 and 550 m.  Icebergs fragment and become smaller with age due to evaporation, melting, wave-induced erosion and fracturing. The highest concentration of icebergs occur in the Weddell Sea (Fig. 2), following a clockwise, northerly route, dubbed "Iceberg Alley”, that parallels the northeasterly tending topography of the Antarctic Peninsula. The Coriolis force entrains icebergs from many geographic sources in the counterclockwise flow of the coastal current around Antarctica, although this flow is diverted by topographic features such as along the eastern side of the Antarctic Peninsula. Icebergs larger than 18 km in any one dimension are assigned alphanumeric codes to identify their point of origin and chronological sequence. For example, those originating in the western Weddell Sea are classified as A while those from the Western Ross Sea, a half continent away, are designated as C.
Depending on topography and seasonal pack ice distribution, icebergs can be divided into three general categories:  1) Grounded icebergs that are geographically stationary because they are in contact with the sea floor.  2) Constrained icebergs that are generally free-floating but surrounded by seasonal pack ice.  3) Free-drifting icebergs that are unrestrained. Studies presented here are restricted to free-drifting icebergs and the surrounding open water since they can most effectively be sampled without the added complications of the pack ice or the sea floor.
Little was known about the impact of free-drifting icebergs on the surrounding pelagic environment until several years ago.  Increased concentrations of iron and chlorophyll-a were measured in the wake of a drifting iceberg. The density of acoustically-reflective targets, believed to be zooplankton and micronekton, were twice as high under a free-drifting iceberg when compared to surrounding open water.  Aggregations of top predators such as seabirds and fur seals were commonly observed associated with Antarctic icebergs.
Given the increasing frequency of icebergs in the Southern Ocean and the paucity of data concerning their impact on the surrounding water, a group of ten scientists and 3 engineers from nine institutions across the USA, undertook a National Science Foundation project to study the impact of free-drifting icebergs on the local pelagic communities. Preliminary field studies showed that icebergs could substantially influence the pelagic ecosystem of the Southern Ocean, serving as hot spots of chemical and biological enrichment (Fig. 3). With additional funding, the study was expanded to examine the importance of iceberg hotspots as natural sources of iron fertilization and pelagic ecosystem alteration. This second field study was conducted on two cruises, the last in March/April 2009, to measure the influence of the nutrient concentrations 
surrounding icebergs and its influence on the pelagic community and the ultimate production and export of organic carbon to the deep ocean. Given the existing results, the reasoning was that proliferation of icebergs could be very important in promoting the drawdown of carbon dioxide by enhanced primary production. This enhanced production would promote higher pelagic fauna abundance and food chain exchanges leading to organic carbon export and sequestration in the deep ocean.
A variety of instruments were employed to study these icebergs. A small remotely operated vehicle (Phantom II, ROV) with a 600 m tether was deployed to survey the submerged sides of each iceberg using a real-time video stream (Fig. 4). The ROV provided images of the pelagic fauna in close proximity to the iceberg and the algal community attached to the underside of the ice. The ROV was equipped with a CTD, fluorometer, video cameras, sequential plankton sampler, “gulper” water sampler, sonar, and the capability of pumping large volumes of water for trace elements, radioisotopes and microorganisms back to the ship.  A collection net was also fastened to the ROV to sample algal communities attached to the ice. In addition, a sonar system was mounted on a rigid pole from the side of the ship and used in mapping the underside of the iceberg.  An unmanned aerial vehicle (UAV) was deployed to conduct video surveys of the top of the tabular icebergs and drop GPS tags as local navigational aids and for tracking (Fig. 5). Lagrangian sediment traps, developed at MBARI, were deployed to 600 m depth and drifted under the iceberg to collect sinking particulate matter as a measure of carbon export (Fig. 6). Other instrumentation used on this cruise included a large multiple opening-closing trawl system for the collection of zooplankton and micronekton, phytoplankton nets, and a CTD/rosette. 

The 2009 cruise began with the study of a large tabular iceberg, C-18A, which originated in the Ross Sea after a calving event in 2003.  C-18A was tracked by satellite as it circumnavigated counterclockwise around the Antarctic continent in the coastal current, arriving from the east into the NW Weddell Sea and then north through “Iceberg Alley” (Fig. 2)
. The size of C-18A measured during a ship circumnavigation was 32 km long and 6 km wide. C-18A was sampled intensively for 19 days between 9 March and 4 April. 
The data from this last cruise combined with the two earlier cruises are currently being analyzed and will be published in a special volume of Deep-Sea Research later this year. This special iceberg volume will consist of 26 papers ranging in topics from the physical structure of icebergs and the pelagic community in the surrounding waters, to the export of organic carbon from the area of iceberg enhancement to the deep ocean. As always, increased sampling leads to more unanswered questions. These studies of free drifting Antarctic icebergs are no exception. The origin of icebergs, be they from glaciers or ice shelves, has a significant impact on the terrigenous material entrained in the ice and its ultimate influence on enriching the surrounding waters as they melt and drift on a final northward trajectory. Also, the time of year that these studies are conducted is critical to the amount of ambient light available for phytoplankton growth.  Even within the constraints of all these variables, there is a consistent pattern of increased concentrations of nutrients and pelagic fauna associated with icebergs. This chemical and biological enrichment around icebergs combined with their proliferation in the Southern Ocean must be considered in any predictive global models of the carbon cycle.
Fig. 1 – Google image of Antarctic continent with tip of South America

Fig. 2 – Iceberg tracks around the continent showing their increased numbers and trajectory along iceberg alley.

Fig. 3 – Drawing of increased life around iceberg (from NSF press release in 2007)

Fig. 4 – Phantom ROV on deck during deployment with iceberg in background

Fig. 5 – AUV in flight over iceberg

Fig. 6 – LST being deployed with backdrop of iceberg
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